Outside of Fragile X syndrome (FXS), the role of Fragile-X Mental Retardation Protein (FMRP) in mediating neuropsychological abnormalities is not clear. FMRP, p70-S6 kinase (S6K) and protein phosphatase 2A (PP2A) are thought to cooperate as a dynamic signaling complex. In our prior work, adult rats have enhanced CA1 hippocampal long-term depression (LTD) following an early life seizure (ELS). We now show that mGluRmediated LTD (mLTD) is specifically enhanced following ELS, similar to FMRP knock-outs. Total FMRP expression is unchanged but S6K is hyperphosphorylated, consistent with S6K overactivation. We postulated that either disruption of the FMRP-S6K-PP2A complex and/or removal of this complex from synapses could explain our findings. Using subcellular fractionation, we were surprised to find that concentrations of FMRP and PP2A were undisturbed in the synaptosomal compartment but reduced in parallel in the cytosolic compartment. Following ELS FMRP phosphorylation was reduced in the cytosolic compartment and increased in the synaptic compartment, in parallel with the compartmentalization of S6K activation. Furthermore, FMRP and PP2A remain bound following ELS. In contrast, the interaction of S6K with FMRP is reduced by ELS. Blockade of PP2A results in enhanced mLTD; this is occluded by ELS. This suggests a critical role for the location and function of the FMRP-S6K-PP2A signaling complex in limiting the amount of mLTD. Specifically, non-synaptic targeting and the function of the complex may influence the "set-point" for regulating mLTD. Consistent with this, striatal-enriched protein tyrosine phosphatase (STEP), an FMRP "target" which regulates mLTD expression, is specifically increased in the synaptosomal compartment following ELS. Further, we provide behavioral data to suggest that FMRP complex dysfunction may underlie altered socialization, a symptom associated and observed in other rodent models of autism, including FXS.
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Introduction
Early life seizures (ELS) have been independently associated with adverse developmental outcomes that include intellectual disability (ID) and autism (McBride et al., 2000; Miller et al., 2002; Ortibus et al., 1996; Saemundsen et al., 2007) . While possibly a proxy for other brain injuries, the odds-ratio of autism is 3-fold higher in pre-term infants with seizures (Buchmayer et al., 2009) . Despite their association, seizures and/or epilepsy are not a clearly defined cause of ID and autism (Tuchman et al., 2009) . Mutations in the FMR1 gene result in loss of function of the Fragile-X Mental Retardation Protein (FMRP) and are linked to ID and autism in Fragile X Syndrome (FXS). In FXS, the presence of seizures is associated with a greater risk for autism (Hagerman et al., 2010) . Outside of FXS, the role of FMRP function in mediating autism and or ID is not clear. Post-mortem studies in individuals with idiopathic autism may link dysregulation of FMRP expression with seizures (Fatemi and Folsom, 2011) . A genetic study of idiopathic autism has implicated FMRP-associated genes (Iossifov et al., 2012) . However, the links between early-life seizures, idiopathic ID/autism and FMRP remain circumstantial.
In adult rodents, long-term depression (LTD) is primarily induced through activation of mGluRs (Gladding et al., 2009; Luscher and Huber, 2010) . Synaptically localized (Stefani et al., 2004) and phosphorylated FMRP acts as a negative regulator of translation under basal conditions (Bassell and Warren, 2008; Narayanan et al., 2007) . In current schema, mGluR-mediated signaling first leads to activation of PP2A and dephosphorylation of FMRP (activating translation) E-mail address: tim.benke@ucdenver.edu (T.A. Benke). Available online on ScienceDirect (www.sciencedirect.com).
